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Introduction
The day-to-day cash flows among poor households in general, and microentrepreneurs in particular, tend to be highly temporally variable, an aspect often not captured by one-time recall household surveys eliciting household income or expenditures. Another measurement problem with standard recall data on income and expenditure, apart from not capturing temporal volatility, is that such data is typically subject to recall error. Household consumption expenditure, and especially household income, are typically under-reported, with the error being relatively larger at lower incomes (Azzarri et al., 2010; Hoderlein and Winter, 2007) . Such differential measurement error contrasts with nondifferential, or classical, measurement error, which is statistically independent of the 'true' variable itself, and of the covariates. In ordinary least squares (OLS) regression, non-differential measurement error in the dependent variable does not generate bias, but only inflates standard errors. However, differential measurement error in the dependent variable generates substantial biases in estimates of treatment effects across a range of estimators (Gutknecht, 2011; Millimet, 2011) . ☆ Some of the data in this paper were collected as part of a research project that was supported financially by the Independent Evaluation Unit of the KfW Development Bank. We thank Martin Brown and Lore Vandewalle, as well as participants at the 2016 SEEDEC conference and the 2016 EPFL Tech4Dev conference for comments on earlier drafts of this paper. George Rugaba and Praise Asiimwe provided excellent research assistance.
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Researchers have used techniques like financial diaries to take high frequency recordings of individuals' or households' cash flows for prolonged periods of time in order to get a more insightful picture of their financial lives and/or income and profits. More intensive measurement techniques such as financial diaries may also allow for data that is to a lesser extent subject to differential measurement error (and could therefore potentially serve as validation data for standard recall data). Perhaps the most well-known example is the series of financial diary studies in South Africa, Bangladesh and India reported in Collins et al. (2009) , along with those in the US (Hannagan and Morduch, 2015) .
The approach we took in this study was to have respondents record their own cash inflows and outflows in cashbooks designed specifically for this purpose; example entries are depicted in Appendix A. This approach is similar to Kamath and Ramanathan (2015) , who asked ninety respondents in Ramanagaram (India) to record their own cash flows. We follow their procedure and asked the participants' children to write the diary if they are illiterate or unable to write. For this approach to data collection, it is still largely unknown whether having individuals track their cash flows -or having an enumerator track them -alters financial behavior and outcomes. Such behavioral responses would potentially jeopardize the validity of such diaries as a measurement instrument, and could reduce or offset any accuracy gains over standard, recall-based approaches. The book "Portfolios of the poor", by Collins et al. (2009) , in which 300 individuals from three countries are interviewed on a biweekly basis for over a year (i.e., a slightly different approach than ours), notes: "There is […] doubt as to whether participating in the diaries changed the behavior of some respondents. In some cases it may have done so. […] However, without a different type of study design, it is difficult to tease out exactly how much of an influence we might have had." (pp. 209-210) .
This could happen through various mechanisms. First, being interviewed on a biweekly basis for over a year -as in the case of Collins et al. (2009) , or keeping record of one's cash flows in a cashbook for an extended period of time (as in the current study), may increase financial awareness, perhaps reducing temptation expenditures, saving some business costs, or changing business strategies more generally. Second, being repeatedly interviewed or keeping track of one's financial data could alter people's effort levels, in the sense of observer or Hawthorne effects. Third, in the case of our study, some participants wrote the names of people who bought goods from them on credit in the book and made a 'check' sign when the money has been repaid. This may help those using the cashbooks to keep track of their lending relationships and increase repayment, or lend differently, than they would without the use of the cashbook. Disentangling changes in reported expenses (e.g., reported food consumption) from changes in the underlying behavior (e.g., actual food consumption) is, however, difficult.
In a review of the literature on the measurement of consumption expenditures, Crossley and Winter (2013) identified only two studies, both from the UK, that investigate effects of expenditure diaries on behavior. In the first, Kemsley et al. (1980) report on a small scale experiment on a subsample of the UK Family Expenditure Survey, in which household members aged over 15 were asked to keep a diary of their expenses. Making a payment to record-keepers improved the response rate substantially, with the response rate increasing in the payment. In the second, McKenzie (1983) concludes that there is no evidence that keeping a diary affects telephone usage (when comparing diary records to metered usage). Of course, the latter result does not necessarily generalize to other categories of expenditures. In an experiment in Tanzania by Beegle et al. (2012) , who randomized 4000 households into different methods of data collection, recall modules also lead to lower (reported) consumption than a personal diary, with the gap being larger among poorer households.
Whereas the aforementioned studies looked at expenditure diaries, De Mel et al. (2009) randomly handed ledger books to microenterprises in Sri Lanka so they could record business revenues and profits. They found that the use of diaries led to significantly higher (reported) business expenses and to higher (reported) revenues of similar magnitudes (hence having no effects on profits), suggesting that standard recall surveys lead firms to under-report both revenue and expenses.
None of the studies we reviewed here, however, explicitly analyzed the impact of diaries on financial behavior and outcomes and contributes to the literature on improved measurement of income and expenditures. It is to our knowledge the first study to randomize access to cashbooks for the self-recording of cash flows to gauge its effect on financial behavior and outcomes. Our overall findings are reassuring for financial diary-type approaches to the measurement of cash flows, and can be summarized in one sentence: we do not find any evidence that diaries affect financial outcomes. The lack of effects detected in this study of diary-logging on financial outcomes indicates that diary studies may be a way to obtain more credible cash flow measurements compared to standard recall surveys.
There have been other approaches to measuring income and expenditures, with varying success. An alternative approach to measuring microenterprise profits, which are a main source of income for the substantial share of self-employed people in many developing countries, was attempted by De Mel et al. (2016) in Sri Lanka. They used radio frequency identification (RFID) tags as a means of objectively measuring stock levels and stock flow in small retail firms, but found that RFID was difficult to use and time-consuming for the business owners, and that they performed very poorly for most products sold by microenterprises. Yet another approach is being piloted by Carletto (2013) , who conducted a randomized experiment comparing standard recall with enumerator visits twice a week (which he considers a gold standard) and telephone calls twice a week. Although Carletto (2013) measures crop output, their approach should be applicable to other development indicators. The question that remains is whether being interviewed repeatedly over the telephone affects an individual's and a household's effort levels and economic and financial outcomes.
The rest of this paper is organized as follows. Section 2 describes the experimental design and the data. Section 3 describes the econometric approach, section 4 reports the results, and section 5 discusses and interprets the results and offers recommendations for further research.
Data and design
To test the null hypothesis that the use of cashbooks has no effect on financial outcomes, a clustered randomized encouragement design study was carried out. 1 We collaborated with a major microfinance institution in Uganda in order to sample microcredit borrowing groups for an unrelated research project on the impact of microcredits. Specifically, three types of groups were interviewed during the baseline study from September 2013 until March 2014:
• Village Groups: individuals who have a 'Village Group Loan', a noncollateralized loan product with joint liability 2 from the microfinance institution. These groups have ten or more members. • Applicant Village Groups: these individuals have formed a group and have applied for their first Village Group Loan, but have not yet received their loan at the time of the baseline survey. • Small Groups: these individuals have a 'Small Group Loan', another loan product from the same microfinance institution. Some of the larger loans for this loan type are collateralized. The group size varies between five and ten members.
Within each of the three group types, the groups were alternately assigned to either treatment (T) or control (C) based on the order of being interviewed. Within each group type, the alternating sequence starts with a treated group as follows:
• Village Group Loan: T,T,C,C,T,T,C,C,T,T,C,C,T,T • Applicants to Village Group Loan: T,T,C,C,T,T,C,C,T,T,C,C,T,T • Small Group Loan: T,C,T,C,T,C,T,C,T,C,T,C The members of groups (i.e. clusters) assigned to treatment (22 groups, n = 207) were offered a cashbook free of cost, while members of groups assigned to control were not (18 groups, n = 110).
Since the groups were initially interviewed as part of a research project whose primary goal was not the current experiment, the order in which they were interviewed is statistically independent of treatment assignment: our research design is, hence a cluster randomized encouragement design.
For the purpose of this study, this sampling strategy has several advantages, along with some disadvantages. A first practical advantage is that the disbursement of the diaries, the training in their usage, and the tracking compliance of individuals are all made less costly and time-consuming by the fact that individuals meet at least monthly in groups for repayment in the first months following their loan disbursement (the loan cycle). A second advantage is that virtually all (95%) of these borrowers are microentrepreneurs, i.e., they have a business of some sort which is generating income. This is the type of respondent for whom it is hardest to obtain accurate income and expenditure figures through standard one-time recall surveys. Previous studies have shown that under-reporting is much more prevalent and severe for self-employment income data than it is for wage income data (Grosh and Glewwe, 2000; De Mel et al., 2009; Joshi et al., 2011; Akee, 2011) . Entrepreneurs are also the type of individual for whom the books are likely to be of most use, since wage earners experience less income volatility and uncertainty. Borrowers taking collateralized individual liability loans are typically the ones with larger businesses, and many will already use their own cashbooks.
A downside of this sampling strategy is that for some of the results we obtain, care should be taken with extrapolation to the general (nongroup borrowing) population. In order to save on costs and eliminate enumerator bias, we worked with one (very experienced) enumerator to visit all households on a monthly basis to encourage continued (proper) use of the books. Participants who were offered diaries were trained to use them: a filled-in example was provided and the monthly visits were also used to see if participants had difficulty using the diaries as intended.
Since groups assigned to control did not have access to the cashbooks, non-compliance is one-sided. However, since the treated and control clusters (borrowing groups) are sampled from the same divisions of Kampala , 3 we cannot fully rule out spillovers in terms of the spread of the more general idea of book-keeping as a result of interaction between treated and control loan groups. We deem such spillovers relatively unlikely given that only 203 individuals were offered a cashbook in a city of 1.5 million residents. There does not seem to be a systematic increase in record-keeping behavior post-treatment for the controls: among the individuals assigned to control, 40% reported keeping some form of record at baseline and 36.7% reported doing so at follow-up.
The size of the borrowing groups (i.e., the cluster size) varied between five and 24 individuals (average: 11.41). Of the 205 individuals offered a book at baseline, 135 (67.5%) still used it 13 months later, when the experiment ended with a follow-up survey. 4 11 individuals (5.4%) rejected the offer of treatment (either because they had no time to use the book or no interest in it), and 55 (27.1%) started using the book, but stopped at some point before the follow-up survey took place -most of them within six months of receiving the book. Four individuals could not be found and re-interviewed during the follow-up survey. Since individuals in the control group (112 individuals) did not have access to the diaries, none of the individuals in the control group used the diaries. Fig. 1 depicts the sampling scheme and treatment compliance.
A small monetary incentive was offered four months (UgSh 5 25,000), eight months (UgSh 30,000), and 12 months (UgSh 35,000) into the experiment to those who were still using the cashbooks. The first incentive was not announced, but after receiving the first incentive, respondents were told they would receive further incentives four and eight months later. These one-off amounts, although small, may have affected some of the estimated treatment effects (more on this in the results section).
The outcomes elicited at baseline and follow-up are:
• Current personal savings: Personal savings (in 1000's UgSh.) the respondent has at the time of interview. • Food consumption index: A food frequency questionnaire (FFQ) was administered to infer the frequency of intake of a range of 20 food categories (Kikafunda and Lukwago, 2005) . For more details, see Appendix B. A continuously distributed food consumption index was constructed from these consumption frequencies using polychoric principal component analysis (Kolenikov and Angeles, 2009) . By assuming that the first principal component represents food intake quantity and quality, we expect this index to be monotonically increasing in total food expenditure. 6 • Self-reported repayment delays. The answer (yes/no) to the question 'Have you ever repaid too late (i.e., later than agreed beforehand) or not at all for this loan?' for the largest loan the household has outstanding. • Wealth index. From the amount of household assets (bicycle, radio, TV, etc.), livestock (poultry, goats) and categorical indicators of housing conditions (roofing, type of water supply), a wealth index was constructed, again using polychoric principle component analysis (PCA). The full list of assets is reported in Appendix B. • Personal income. Answer to the question 'What is on average your personal monthly income?'. • Numeracy score: the sum of correct answers to a quiz with 30 numeracy questions for which the respondent has five minutes to answer (see Appendix B).
Many respondents found the 'current personal savings' question rather sensitive, and we have many missing values for this variable. For the food consumption index, it is important to note that this variable is not based on consumption expenditures (which are recorded by the respondent in the diaries). An observed effect on reported food expenditure could reflect just the effect of being more aware of the expenditures due to the daily self-recording -and not effects on the individual's actual food consumption. For this reason, the index is constructed from the intake frequency of consumption of a range of food categories. Also note that the variable numeracy score was only elicited during the follow-up survey.
We also observed a range of other variables at baseline and at follow-up. These include the standard demographics (gender, age, household size, household composition, religion of the participant, and whether the respondent is the head of the household), as well as variables more specific to the current study, such as an indicator for the participant being a member of a saving group, such as Rotating Savings and Credit Association (ROSCA), financial literacy score, and an indicator variable for adverse economic shocks (see Appendix B for details on the construction of these variables). The control variables also include indicators for the type of group loan: Small Group loan (5-9 members), Village Group loan (10 + members), or first-time applicant groups for Village Group loans. In addition, respondents were asked at baseline whether they already (i.e., prior to the experiment) kept somehow track of either their cash inflows and/or outflows. Since outcomes such as food consumption may be subject to seasonality even in urban areas, indicator variables for the calendar month of the baseline interview are included (but only needed for the baseline month, as follow-up interviews took place 13 months after the baseline interview).
Econometric approach
We estimate the intention-to-treat (ITT) effect: the average effect (on an outcome) of being offered a cashbook for all the households in the borrowing groups assigned to treatment compared to all the households in the control groups, irrespective of whether the household actually took up the treatment offer. The pooled differencein-difference (DID) estimation (Angrist and Pischke, 2008) takes the form
where y ijt is an outcome variable for individual i in group j at survey round t (t = 0 for the baseline, t = 1 for the follow-up), treated j is an indicator for the group being assigned to treatment, post t is an indicator variable for the follow-up survey, and ijt is an idiosyncratic error term, clustered at the borrowing group level. The coefficient DID is the difference-in-difference estimator of the ITT effect. Bruhn and McKenzie (2009) argue for controlling for variables that are strongly correlated with the outcome even if they are balanced at baseline, as this may increase statistical power. Hence, our second estimation method includes individual-level controls X ijt :
In addition, we report estimates where we include household fixed effects i :
Finally, we report estimates where any time-invariant unobserved heterogeneity at the respondent level is taken out through firstdifferencing:
Results
Table 1 reports summary statistics on the key variables. Over 70% of the participants are female, as the group loans of many microfinance institutions target women in particular. Table 1 also gives the means of the variables for subsamples assigned to treatment and control, and t-statistics of t-tests that the differences in means are statistically significantly different from zero, i.e., a baseline balance test. For most of the variables and for all the financial outcomes we study, differences between the treatment and control groups at baseline are not statistically significant.
There is one notable exception. There are notably more females in groups assigned to treatment than in groups assigned to control. This can, however, be explained by the following features of the experimental design: (i) recall that we interviewed three types of groups, and randomized alternately within each group type: (a) Village Groups, (b) Applicant Village Groups, (c) Small Groups; (ii) for Village Groups and Applicant Village Groups, the randomization was T,T,C,C,T,T, … (T denoting assignment to treatment, C assignment to control), while for Small Groups the randomization was T,C,T, …; and (iii) the final number of Village Groups sampled was even (14 each) as was the number of Small Groups sampled (12). Hence, for Village Groups we had four more groups assigned to treatment than assigned to control. In the traditional microcredit model, microfinance institutions target women for Village Group recruitment and they indeed have a higher share of women: 53.6% of Village Group borrowers are female, whereas only 48.8% of Small Group borrowers are female.
As a first step in the analysis, we report the subjective evaluations of the financial diaries (by those individuals who reported using them) in Table 2 . The reported figures are from the followup survey. While the answers to the first few evaluation questions may be somewhat subject to social desirability bias, a majority of diary users reported that the books improved their recovery of debts (85%) and increased their capacity to accumulate savings (63%). The number reporting these positive effects was slightly greater than those who felt the diaries were a waste of time (52%).
To quantitatively analyze the effects of the diaries, we report estimated effects according to specifications (1)-(4) in Table 3 . These correspond to the ITT effect, or the average effect of having access to financial diaries. Column (1) reports estimates from the basic differencein-difference (specification 1); column (2) reports the estimates of the specification with the full set of covariates (specification 2); column (3) corresponds to the estimation with fixed effects (specification 3); and column (4) reports the estimates in first differences (specification 4).
We only find a statistically significant ITT effect for current personal savings, with a point estimate of increased personal savings amounting to 3.2% of the median household income. We address the issue of multiple inference in two ways. First, we run seemingly unrelated regressions to test for the joint significance of the ITT coefficients across outcomes. The joint p-value, reported at the bottom of Table 3 , does not reach statistical significance. Second, to control for the Family-Wise-Error-Rate (FWER), the p-value would need to be below a Bonferroni-corrected level. Using Bonferroni corrections adjusted for the average correlation between the outcomes ( = 0.150 in our setting for the continuously distributed outcomes) following Sankoh et al. (1997) , the corrected p-value would need to be below 0.0191 for a single-hypothesis testing level of = 0.1, below 0.0096 for = 0.05, and below 0.0019 for = 0.01. The statistically significant ITT effect estimate for savings may be (at least partly) due to the incentives we offered book users. The ITT effect for current personal savings is UgSh 15,000-24,000. Suppose, in the extreme case, that individuals accumulate the incentive payments received for their continued use of the diaries, then these cumulative savings would amount to UgSh 56,000 7 which would explain the estimated treatment effect. A more likely scenario is that only the last incentive, received one month before the follow-up study, affects the response to the savings question. The last incentive of roughly UgSh 23,000 8 could in itself still explain the ITT estimate. Thus, we find no effect of the diaries on financial outcomes, and for the single effect which is statistical significant, we can advance several plausible scenarios in which the measured effect does not represent the actual impact of the diaries.
The change over time of the means of treated and control groups in the outcome variables is displayed graphically in Appendix C. The increase over time in self-reported late repayment outcome is explained simply by the fact that a subsample of subjects were loan applicants at baseline and have obtained a loan at the time of the follow-up survey. The associated repayment obligations also explain the reduction in liquidity and therefore reported savings.
Discussion
This study analyzed an experiment involving the distribution of financial diaries and training respondents to use them. The aim was to see if keeping record of one's cash flows affects behavior and outcomes, which would undermine the validity of financial diaries as a measurement tool. The main message of this paper is reassuring in this regard: we do not find evidence that individuals 'treated' with access to a free financial diary changed their financial behavior in significant ways.
The lack of effects found in this study does not imply that the issue is settled. Larger samples may be able detect statistically significant effects of diary usage. This possibility is revealed by power calculations. For instance, to attain 80% statistical power to detect a statistically significant difference of 0.2 standard deviations at the 5% level for the food consumption index, a sample size of 724 respondents would be needed, more than twice our sample size. Similarly, a sample size of 740 respondents would be needed for the wealth index. 9 We should, however, take into account that we do not even find any (insignificant) discernible effects on outcomes other than those related to savings, despite the monetary incentives we offered to encourage continued use of the diaries. Hence, sizable effects of using the diaries appear unlikely, but we cannot rule out minor effects.
It is also possible that any effects the diaries may have had is diluted by the fact that some respondents may not have benefited a lot from them as they were already keeping some form of records on their own; others were not literate and their children assisted them; and some respondents seemed to not be using the diaries seriously, but rather seemed to be keeping records mainly to be eligible for the periodic monetary incentives. 10 These hypotheses offer avenues for future research.
Our null findings leave open the possibility that financial diaries could be a valuable tool to improve the measurement of cash flows in some settings. Improved measurement is important in impact evaluations that aim to investigate the impact of policies on household income or expenditures, given the volatile nature of cash flows in lower income countries and the differential measurement error in income and expenditure. In addition, for more conclusive evidence regarding effects of financial diary keeping or intensive interview methods on respondent behavior and outcomes, outcome measures that are less noisy and do not rely on respondents' recall would be needed. Appendix B. Construction of the food consumption index, the basic numeracy and financial literacy score, the wealth index, and the numeracy score
Appendix A. Excerpts from financial diaries

Food consumption index
For each item, the enumerator records the number of days the food was eaten per week. For each food group, answer options are: (1) never, (2) once, (3) twice, (4) 3-5 times, (5) almost every day, (6) not last week, but during last month.
The food groups are: (1) Maize/Millet/Sorghum/Ugali/Pocho, (2) Rice, (3) Wheat flour/bread/chappati/rolex, (4) Cassava (sweet potato), (5) Irish potato, (6) Matooke, (7) Pork, (8) Chicken/duck, (9) Beef, (10) Mutton/lamb/goat, (11) Fish, (12) Dairy products, (13) Beans or peas or lentils, (14) Vegetables (any), (15) Insects (any), (16) Sugar, (17) Salt, (18) Coffee, (19) Tea, (20) Soda.
Basic numeracy and financial literacy score
Basic numeracy skills were elicited by the following four questions:
• What is 25 + 17?
• What is 49 − 23?
• What is 12*4?
• What is 56:7?
The following five questions were posed to elicit financial literacy levels, slightly adapted from Bandiera et al. (2010) :
• What is 20% out of 3000 UgSh?
• If you could save UGX5,000 per month, how many months would you need to save to get UGX30,000?
• If you needed UGX180,000, how much would you need to save per month (in UgSh) to have the money within one year (12 months)?
• Assume that you saw a radio of the same model on sale in two different shops. The initial retail price was UGX 20,000. One shop offers a discount of UGX 1,500, while the other one offers a 10% discount. Which one is a better bargain? • Suppose you have deposited UGX 100,000 in the bank for an interest of UGX 10,000 per year. If you withdraw all the money after 3 years, how much will you get?
The basic numeracy and financial literacy score was constructed as the sum of correct answers to the nine answers plus 1 if the number of commercial banks and microcredit institutions known to the respondent ('Please mention as many names of banks in Uganda as possible') was higher than the average number for all respondents, which was 6.33 financial institutions.
Wealth index
This index is constructed from: • counts of the following assets and livestock types: chairs, tables, beds, sofas, mirrors, watches, kerosene stoves, gas stoves, televisions, radios, mobile phones, generators, solar panels, light bulbs, bicycles, motorcycles, cars, refrigerators, chicken, goats. • housing indicator variables: roofing (= 1 if roof has tiles, = 0 otherwise), water (= 1 if water is piped, = 0 otherwise).
Numeracy score
You have 5 min to answer as many of the following calculation questions as possible. I will be keeping time with a stopwatch. Fill in the answer in the blank behind each question on the paper. Your answer needs to be readable. You will receive Sh. 200 for each question that you answer correctly. You are free to decide how much time you spend on each question, but you cannot change your answers after the 5 min are over. 4 min after the start of the quiz, I will remind you that 1 min is left. No electronic or other devices are allowed to be used; only the paper provided to you and the pen. You cannot be helped by anyone during the quiz. Help from other people in any form will invalidate your results, in which case we cannot pay you out. If you are running a business and a customer enters your business, we will take the paper and stop the time, so that you can help the customer and continue the quiz after the customer has left. 0 + 12 = 3 + 91 = 13 − 6 = 12 − 8 = 3 × 4 = 6 × 9 = 6/1 = 8/2 = 11 + 7 +2 = 14 + 25 + 3 + 15 = 72 − 23 = 89 − 14 = 13 × 7 = 5 × 12 = 56/7 = 110/5 = 26 + 38 + 7 = 2 + 6 + 70 + 17 + 9 + 11 = 66 − 49 = 141 − 56 = 211 − 77 = 66 × 2 = 96 × 5 = 330/5 = 104/8 = 3 × 14.5 = 16 × 8.5 = 45/6 = Appendix C. Difference-in-difference bar chart Note: Means of outcome variables for treated and control groups at baseline and follow-up, with 95% confidence bars.
